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Frequency Doubling using 
Semi-Conductor Diodes 


At low input voltages, every rectifier 
circuit has an area where there is a 
quadratic relationship between the 
output quantity and the input quan- 
tity. One use for this ratio is the 
measurement of the power or the 
rool mean square value as carried 
out, for example, in (2). Another 
application is frequency doubling, 
which is the subject of this article. 


1. 
FUNDAMENTAL 
PRINCIPLES 


Semi-conductor diodes have in general 
exponential voltage-current characteris- 
tics. This can be used directly to derive 
a quadratic relationship for the rectified 
current at input voltages of below 
2 . Up (Up temperature voltage 25 to 
50mV). The relationships are explained 
in more detail in (1). The following 
formula is also obtained from the same 
literature: 


1 oO| 10 1 0 
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For a sinusoidal diode with the ampli- 
tude U, the standardised diode current 
I,ig has essentially three terms: the first, 
with the input frequency, which in- 
creases linearly with the input voltage; 
the second, which corresponds to the 
rectified current and increases quadrati- 
cally with the input voltage; and the 
third, which is an alternating current 
with a doubled frequency (2 ©) and 
with an amplitude equal to the rectified 
current. It is this third term which is of 
interest to us here. It also increases 
quadratically with the input voltage. 


The first term, the input frequency 
fraction, can theoretically be made to 
vanish by means of a push-pull arrange- 
ment using two diodes. In practise, of 
course, this is not completely success- 
ful. However, it is relatively easy to 
ensure that the doubled input frequency 
emerges from the output at least ten 
times stronger than any other fraction. 
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According to (1), the e.m.f. of the 
doubled frequency generated is inde- 
pendent of the type of diode and the 
point of operation. By contrast, the 
internal resistance at which this e.m.f. 
is available changes very considerably 
with the type of diode and the semi- 
conductor material. Without a_ bias. 
current, the internal resistance of Si 
diodes will be a few hundred 
megOhms, a few megOhms for 
Schottky diodes, and a few tens of 
kiloOhms for Ge diodes. The figures 
apply to small-signal diodes. In high- 
frequency circuits we would like lower 
Ohm values, right down to 50Q, in 
order to match to a system impedance. 
This is possible if a_ suitable bias 
current is selected, In general, the AC 
resistance in the area of exponential 
voltage-current ratio is expressed by: 


U, 
Be Bi Y 


For the desired value of 50Q, then 
Iy = 0.6mA. If we now look at the 
curves contained in (1), we discover 
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that such bias currents are possible only 
using Schottky diodes. Ge diodes leave 
the exponential area above about 
100uA. The border between Schottky 
diodes and Si diodes even earlier, at 
10uA (1N4148). Other universal Si 
diodes go somewhat further: 1N4151 to 
30nA and 1N4448 to 100uA. The 
border between Schottky diodes and Si 
diodes lies at the point where 50Q 
technology begins, i.e. perhaps between 
1 MHz and 10 MHz. Ge diodes are not 
required, unless we want to mange 
without a bias current. 


2. 
CIRCUITS 


The frequency doubling circuit using 
semi-conductor diodes is in no way 
different from a rectifier circuit. Instead 
of the DC the AC is now coupled out. 
Fig.l shows a circuit suitable from 
audio to radio frequencies, in which the 
input-side phase reversal and isolation 
of the source is carried out by opera- 
tional amplifiers. The offset voltages of 
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Fig.2: Input and Output Signals of Circuit in Fig.1 
X: 0.2 ps/div; Y1: 50mV/div; ¥2:; 10mV/div 


Fig.3: As Fig.2, but with Deita-Form Input 
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the amplifiers and the variations in the 
diodes are balanced out by the zero 
preset. The resistances R2 prevent pro- 
tect against low loads for the amplifi- 
ers. They would be selected to be 
between a few hundred Ohms and a 
few kiloOhms. If the load resistance 
R;, = Ry, the best power matching is 
obtained using the bias current marked 
up ly. For idle operation, we naturally 
obtain double the output voltage, and 
then the bias current is not at all 
critical. Nor is any special current 
source required for the bias current. A 
resistor to the negative operating volt- 
age of the operational amplifier is fully 
sufficient. 


Fig.2 shows how well this doubler 
operates and how little distortion it 
produces. Here fast type LM361 
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opamps were used, so that even a signal 
of 1 MHz is still satisfactorily squared 
(Fig.3). Thus we have here a wide-band 
circuit, which functions from low fre- 
quencies right up to a higher limit 
determined by the opamp. For low 
distortion the input voltage of 200m Vgs 
should not be greatly exceeded and the 
bias current should be selected accord- 
ingly. We then obtain approximately 
20mVgg at the output, for power match- 
ing, and twice that for idle operation. 


For frequencies higher than about 10 - 
15 MHz there are no suitable opera- 
tional amplifiers. A transformer is re- 
quired for phase reversal now, so that 
finally a circuit like Fig.4a or b is 
obtained, It is also wide-band, and can 
be used in the HF, VHF and UHF 
ranges with a suitable transformer. 
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Fig.5; 


Output Spectrum of Fig.4b Circuit with 250 MHz/-10dBm at the Input 


X: 100 MHz/div (0 to 1 GHz, zero marker on the left) 
Y: 10dB/div (500 MHz line corresponds to -30dBm) 


If the two diodes in a circuit are largely 
identical in their electrical properties, 
then the connections can be as in 
Fig.4a. However, a circuit like Fig.4b 
also functions with considerable dis- 
crepancies in the characteristics of the 
individual diodes. 


The circuits are simple enough, and 
require only input power in the ranges 
which most signal generators can pro- 
vide for them. A doubling circuit thus 
makes it possible to double the applica- 
tion tuning range of a measuring instru- 
ment. Many commercially available 
signal generators make use of this 
application for the top octave of their 
tuning range (3). Unfortunately, this 
also doubles the original noise devia- 
tion of the gencrator, and any ampli- 
tude modulation is distorted in accord- 


ance with Fig.3, unless the modulator is 
positioned after the doubler. 


Power matching is brought about by the 
selection of a suitable bias current. A 
200Q load should act at the output of 
the 1:(1+1) transformer. So each diode 
must have an AC resistance of 100Q. 
This immediately results in output 
matching, for the diodes are parallel for 
the doubled frequency and the effective 
internal resistance is 500, The bias 
current values given apply for 
U;=30mV. Purists can vary the bias 
current until a VSWR optimum is 
obtained on the input and output sides, 
or until the optimum conversion effi- 
ciency is obtained. A degree of effi- 
ciency of 1% (conversion loss 20dB) is 
fairly typical for this circuit. 
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FURTHER 
CHARACTERISTICS 


Things are not ideal in technical reality. 
The input curve form is not ideally 
sinusoidal, the diodes are not com- 
pletely identical and the characteristics 
are not exactly exponential. 


However, it is not very difficult to 
obtain an output signal from such a 
doubler, which is 20dB or more better 
than all other output products. 


Fig.5 shows the spectrum obtained if 
circuit Fig.4b is used, with a balanced- 
to-unbalanced transformer from the 
UHF input of a clapped-out television 
and the output voltage of a Marconi 
TF2015 signal generator. A spurious 
suppression of better than 20dB is 
thoroughly consistent with most high- 
frequency measurements on selective 
objects. Indeed, signal generators which 
can be purchased are often no better 
than this. 


Because of the quadratic relationship 
the output rises twice as steeply as the 
input. This relationship is shown in 
Fig.6. 


It is thus possible, without any prob- 
lem, to set very low defined output 
voltages by varying the input power 
level. Only two special features need to 
be taken into account: 


— Ifthe precision with which the input 
level can be set is, for example, 
+1dB, then the output error can not 
be smaller than +2dB. 
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Fig.6: Relationship between Input 
and Output as per Fig.4 


— Some spurious responses at the out- 
put do not decrease quadratically. So 
when the input power decreases, the 
suppression becomes worse. This 
can be remedied by an attenuator 
after the doubler. 


4. 
APPLICATIONS 


I needed a doubler of this type to 
generate a defined input voltage for the 
meteorological satellite frequency (ap- 
proximately 1.7 GHz). As I do not have 
a GHz signal generator this was the 
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only way to obtain a half-way exact 
measurement of the amplification of a 
converter I had purchased. 


If we position a 20dB amplifier and 
another doubler after such a doubler, 
the frequency coverage can be even 
increased by a factor of 4. As the 
sweep of a frequency modulation is 
also multiplied accordingly, a circuit of 
this nature can be suitable for generat- 
ing unusually large frequency sweeps. 
If necessary, we can mix back into the 
original frequency position using a 
fixed standby frequency. 


Quadratic amplitude modulation might 
be of some interest for special pur- 
poses. I am happy to leave that for the 
future. If you want to avoid quadratic 
distortion and still modulate AM, a 
suitable modulator should be added to 
the doubler (e.g. PAS type from Mini- 
Circuits). 

Because of the conversion losses of 
approximately 20dB and the differential 
frequencies at the input and output, the 
two gates of a doubler of this type are 
effectively decoupled. Matching to one 
is not spoilt by mismatching to the 


So 
other. There is very little feedback to 
the drive generator. 


If the generated signals are used to 
measure inter-modulation through a 
doubler, special care must be taken. 
The non-linearities can generate mixed 
products, which have nothing to do 
with the circuit to be tested. 
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Very low noise aerial amplifier for the 
L-band as per the YT3MV article on page 


address shown on the inside cover, or to 


UKW-Berichte direct. Price includes p&p 
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